Mammakarzinom · Schwangerschaft · Chemotherapie · Radiotherapie Zusammenfassung Nationale und internationale Behandlungsrichtlinien für Patientinnen mit Mammakarzinom in der Schwangerschaft empfehlen heute eine Therapie so nah wie mög-lich am Standard für nicht schwangere Mammakarzinompatienten. Neue Therapieoptionen wie die SentinelNode-Biopsie oder die Taxane sollten daher genau geprüft werden, um sie in die Therapie auch für Schwangere integrieren zu können. Die Patientinnen sollten in einem Brustkrebs-Zentrum behandelt werden, wo ein interdisziplinäres Team der Frau und ihren Angehörigen zur Seite steht und die bestmögliche Therapie für Mutter und Kind zur Verfügung stellen kann.
Introduction
Pregnancy-associated breast cancer (PABC) is defined as breast cancer diagnosed during pregnancy and within 1 year of delivery. The present article deals mainly with the situation of coinciding breast cancer and pregnancy. The age of the mother at delivery has been increasing in the last 30 years, and is approximately 30 years on average in Germany. Breast cancer is rare in young patients. Women below the age of 40 represent less than 10% of patients who develop breast cancer; still, breast cancer is not uncommon in young women. In Western countries, breast cancer is the most common cause of cancer deaths in women aged 30 years. Presently, 1 in 3,000 to 1 in quate abdominal shielding, mammography presents little risk to the fetus. A dose of 200-400 mGy is delivered by standard bilateral mammography using modern technology. That would result in less than 50 mrad (500 μGy) exposure to the embryo/fetus, well below the level of 10 rad (100 mGy) that increases the risk of fetal malformations by 1% [3] . This is less than the estimated environmental exposure of 2 mGy per week. Although the reports on the utility of breast and nodal basin ultrasound are limited, this modality may be of benefit in the evaluation of a breast mass and should pose no harm to the developing fetus [4] . Because of a lack of data demonstrating its efficacy, the concern over the safety of gadolinium and the difficulty of positioning of the pregnant patient on her stomach, we do not recommend magnetic resonance imaging (MRI) in the diagnosis of breast cancer during pregnancy.
Biological Characteristics of Breast Cancer in Pregnancy
The pathologic features of breast cancer diagnosed during pregnancy have been analyzed in numerous studies. Due to the retrospective nature of such studies and the paucity of case control studies it is impossible to directly compare the biological properties of breast cancer in pregnant and in nonpregnant patients of similar age. The vast majority of breast cancers are invasive ductal [5] . It is likely that in addition to larger tumor diameters and more frequent involvement of the regional lymph nodes, breast cancers in pregnancy are characterized by poor differentiation and low expression of estrogen and progesterone receptors [6] [7] [8] [9] [10] [11] . A recent review identified 13 studies reporting estrogen receptors in breast cancer diagnosed during pregnancy; estrogen receptors were negative in 138 of 235 patients (59%, 95% confidence interval 52-65%) [12] . The proportion of breast cancers with overexpression of HER-2 protein was similar in pregnant and in young nonpregnant patients [13] [14] [15] . Given the known unfavorable characteristics, breast cancer in pregnancy has been regarded as particularly aggressive. Some case control studies do indeed report an elevated risk of breast cancer death in patients diagnosed during pregnancy. However, the majority of case control studies with multivariate statistical analysis of prognostic and predictive factors, failed to identify pregnancy as an independent negative prognosticator of the outcome of breast cancer. A more extensive review has been published by Barthelmes et al. [16] .
Local Therapy

Surgery
Breast surgery can be safely performed during all trimesters of pregnancy with minimal risk to the developing fetus [17, 18] . It may be advisable to wait until the 12th week of gestation has Loibl been completed because the risk of a spontaneous miscarriage is highest before the 12th week of gestation. During surgery, monitoring of the fetus should take place. Breast-conserving surgery with axillary lymph node dissection is possible [19, 20] , although in most published reports, the majority of pregnant patients have had mastectomies, most likely because of concerns over radiation during pregnancy, the stage at presentation, and patterns of practice [21, 22] . Sentinel lymph node (SLN) biopsy has not been systematically evaluated in the pregnant patient with breast cancer. The estimated dose of radiation to the fetus through the use of technetium has been estimated to be low, and pregnant patients could be offered SLN biopsy after counseling regarding the amounts of radiation involved [23, 24] . The estimated fetal dose is probably negligible and is much less than the limit of 1 mSv over the gestation period for a declared pregnant woman. Therefore, using standard techniques, lymphoscintigraphy with 99mTc-sulfur colloid for SLN mapping can be safely applied during pregnancy, as estimated fetal doses are not associated with significantly increased risk to the fetus. Isosulfan blue dye mapping is not recommended in pregnant patients because it has not been approved, and anaphylaxis has been observed with the use of this dye [25, 26] . However, given that the majority of patients have clinical lymph node involvement at the time of primary diagnosis, most pregnant women with breast cancer do not qualify for SLN anyway.
Radiation Therapy
Adjuvant radiation therapy exposes the fetus to ionizing radiation. The absorbed dose depends on the gestational age and the position of the fetus [27] . Whether or not detrimental effects of adjuvant radiation therapy are to be anticipated, is still a matter of debate [2, 28] . However, the start of adjuvant radiation therapy is never urgent; delays of radiation therapy of up to 3-4 months result in similar outcomes as earlier initiation [29] [30] [31] .
Systemic Adjuvant Therapy
Endocrine Therapy Adjuvant hormonal therapy is not indicated in pregnancy as the initiation of hormonal therapy is never an emergency. Hormone treatment, if indicated, is to be started after delivery and after completion of chemotherapy.
Chemotherapy
The indications for adjuvant chemotherapy in pregnant patients are identical to those in non-pregnant patients. Thus, preoperative (neoadjuvant) chemotherapy may be indicated for the therapy of locally advanced breast cancer according to recent consensus guidelines [32] . The timing of chemotherapy is crucial: While it is obviously preferable to postpone chemotherapy until after delivery, this is not always possible. For instance, locally advanced tumors may need to be treated in a neoadjuvant concept. In addition, for patients whose tumors do not express estrogen receptors, the late start of chemotherapy, i.e. > 3 weeks after surgery, may worsen the prognosis dramatically as compared to an early start of chemotherapy [33] . The efficacy of very late adjuvant chemotherapies, e.g. starting later than 8 weeks after surgery, is unknown. Thus, chemotherapy may need to be started during pregnancy even in patients with estrogen receptor-positive tumors. Chemotherapy is contraindicated in the first trimester of pregnancy as the fetus is undergoing organogenesis and is vulnerable to the teratogenic effects of chemotherapy [34] . If chemotherapy cannot be postponed to the second trimester of pregnancy, abortion is indicated. Abortion by itself has never been proven to have a beneficial therapeutic effect in breast cancer [35] . In the second and third trimester, chemotherapy is relatively safe as illustrated by the most recent series of patients reported by investigators from the M.D. Anderson Cancer Center [36] and from the Royal Marsden Hospital [37] . The Royal Marsden series consists of 28 women [38] . This series is characterized by a heterogenous use of chemotherapy; as in other case series, the use of chemotherapy in the 2nd and 3rd trimester was safe. Methotrexate is an abortifacient, and has been reported to cause severe fetal malformations when given in the first trimester [4] . It is not of particular importance in the contemporary management of breast cancer. It has been recommended, thus, that methotrexate be avoided during pregnancy. The largest well-characterized case series of patients with breast cancer in pregnancy was updated recently by investigators from the M.D. Anderson Cancer Center [36] . All patients were treated with FAC (5-fluorouracil: 500 mg/m 2 days 1-4; adriamycin: 50 mg/m 2 continuous 72-h days 1-3; cyclophosphamide: 500 mg/m 2 day 1 of a 3-week cycle) during the 2nd and 3rd trimester of pregnancy. Both case series report favorable fetal short-term as well as long-term outcomes with no reason to suspect an increased risk of malformations and permanent side effects. Similar results have been reported in a case collection of Canadian patients reported by the Toronto group [37] and in a systematic review of the literature [39] . In recent years, taxanes (paclitaxel and docetaxel) have become important components of adjuvant therapy [40] [41] [42] .
Their use in pregnancy has been reported in a small number of patients with breast [43] [44] [45] [46] and other neoplasias [47] (table 1). So far, there is no evidence of a detrimental effect of taxane use after the 1st trimester. There are pharmacological data postulating that vincaalcaloids and paclitaxel can be safely administered during pregnancy because these tubulinbinding agents can be bound by drug-extruding transporters of the placenta, such as P-glycoprotein (PgP) or breast cancer resistance protein 1 (BCRP-1), which are highly expressed in the placenta [48, 49] . Fetal drug exposure increases dramatically by absence or pharmacological blocking of placental PgP.
Trastuzumab and Other Targeted Therapies
Trastuzumab is an effective adjuvant therapy in patients with HER-2 amplified breast cancer. It has been investigated in randomized trials in parallel to sequential taxanes [50, 51] and after the completion of chemotherapy [52] with similar efficacy at 1 or 2 years of follow-up. Trastuzumab is known to cross the placenta in primate models; it is labeled as a category B drug in the United States, as no harm has been observed in monkeys. It has been used in very few pregnant patients to treat early [53] and metastatic breast cancer [54, 55] . Whereas no malformations or fetal intrauterine deaths were described, 3 fetuses developed reversible oligohydramnios, 2 anhydramnios, and 1 infant died postpartum [55] . Whether or not this was a consequence of intrauterine heart failure is not known. Only in 2 cases, no fetal complications were detected (table 2) . At the present time, it seems prudent to consider the efficacy of the sequential use of chemotherapy and trastuzumab and to defer the adjuvant therapy with trastuzumab to the postpartum period. Lapatinib was used inadvertently in 1 pregnant patient: no adverse outcome was observed [56] . For trastzumab the same considerations apply in advanced and in early breast cancer. We are not aware of a report of bevacizumab during pregnancy. Based on the experience of thalidomide, however, it is obvious that antiangiogenic agents may have catastrophic consequences when used during early pregnancy.
Supportive Care
Antiemetics such as short-term glucocorticosteroids and most serotonin receptor III antagonists are considered safe in preg- nancy. Ondansetron has the longest safety record, and no increased frequency of untoward effects has been reported in connection with treating pregnant patients [57] . Tropisetron, an antimetic in frequent use in Europe, has been classified as a class C drug based on malformations observed following in utero exposure in laboratory rodents; in our view, there is no use for tropisetron in pregnancy. Granisetron and palonosetron have rarely been used in pregnancy. There are no reports on aprepitant, the novel neurokinin-1 receptor agonist in pregnant patients. Granulocyte colony stimulating factor (G-CSF, e.g. filgrastim) is known to cross the placenta and has been used occasionally in pregnant patients; there are only few reports about the use of filgrastim in pregnancy. Filgrastim and pegfilgrastim are category C drugs due to the induction of abortion and malformations in rodents. Erythropoietin and darbepoietin have been used in a small number of pregnant patients undergoing dialysis treatment for renal failure. So far, no malformations could be attributed to the use of erythropoietins. Both drugs belong to the pregnancy category C. In the context of cancer chemotherapy, transfusions may be preferable to the use of erythropoietins [58] .
Conclusion
In the treatment of the pregnant breast cancer patient, the evidence upon which we base our decisions has been largely limited to case reports, case control studies, and retrospective cohorts. 
